Single crystals of the compounds Ca 4 OCl 6 , Sr 4 OBr 6 , Ba 4 OBr 6 , and Ba 2 OI 2 were obtained by solid-state reactions. The crystals of Ba 2 OI 2 are transparent and colorless and isopointal to K 2 ZnO 2 adopting the orthorhombic space group Ibam (no. 72, Z = 4) with the cell parameters a = 747.20(9), b = 1392.02(18), and c = 678.12(9) pm. Sr 4 OBr 6 and Ba 4 OBr 6 are isotypic to Ba 4 OCl 6 (or isopointal to K 6 ZnO 4 ) and crystallize in the hexagonal space group P6 3 mc (no. 186, Z = 2) exhibiting the cell parameters a = 982.20(4) and c = 750.41(7) pm for Sr 4 OBr 6 and a = 1030.10(2) and c = 785.92(4) pm for Ba 4 OBr 6 . In the ternary systems Ca-O-X (X = Cl, Br or I) the only compound found other than the starting materials was the already known Ca 4 OCl 6 which is also isotypic to Ba 4 OCl 6 crystallizing in the hexagonal space group P6 3 mc (no. 186, Z = 2) with the cell parameters a = 903.30(6) and c = 683.27(8) pm.
Introduction
Recently the 'pseudo' alkaline earth metal oxyhalide Eu 2 OI 2 [1] was synthesized and found to adopt the antitype of the well-known oxide K 2 ZnO 2 [2] . A few weeks later we found by serendipity Sr 2 OI 2 [3] which is -not too surprisingly -isotypic to Eu 2 OI 2 .
Since the ternary oxyhalide compounds of 'real' and 'pseudo' alkaline earth metals such as Ca, Sr and Ba or Eu, Sm and Yb [4 -19] , respectively, have been explored intensively, it seemed surprising to us that nobody had ever encountered oxyhalides such as Eu 2 OI 2 or Sr 2 OI 2 before, and that only the well-known oxyhalides with the stoichiometry M 4 OX 6 (M = Ca, Sr, Ba, Eu, Sm or Yb and X = Cl, Br or I) [4 -19] had been found.
Reading the papers of Frit et al. [8, 12] , it seemed probable to us that the compounds reported next to Ba 4 OX 6 as 'Ba 9 O 5 X 8 ' (X = Br or I) [12] and two years later additionally 'Sr 9 O 5 I 8 ' [8] are quite close in stoichiometry to M 2 OX 2 . We were able to index the powder diffractograms given for 'Sr 9 O 5 I 8 ', 'Ba 9 O 5 Br 8 ' and 'Ba 9 O 5 I 8 ' isotypically to Sr 2 OI 2 and to refine the cell parameters to results which compared well to Sr 2 OI 2 (Table 1) . Thus, we decided to revisit the ternary AE-O-X systems (AE = Ca, Sr, and Ba; X = Cl, 0932-0776 / 08 / 0500-0519 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Br, and I). In this paper we present the syntheses and the structural characterization of Sr 4 OBr 6 , Ba 4 OBr 6 , and Ba 2 OI 2 .
Experimental Section

Synthesis
All manipulations were performed in a glove box under purified argon unless stated otherwise. The compounds were synthesized in two ways using slightly differing starting materials. The easiest way seemed to be the straightforward use of a 1 : 1 molar mixture of SrO or BaO (both Alfa Aesar, powder, 99.5 %) with SrBr 2 (Alfa Aesar, powder, ultra dry, 99.995 %), BaBr 2 (Alfa Aesar, powder, ultra dry, 99.998 %) or BaI 2 (Alfa Aesar, powder, ultra dry, 99.995 %), respectively. Unfortunately, this method led exclusively to powders of either Sr 4 OBr 6 and SrO, Ba 4 OBr 6 and BaO or Ba 2 OI 2 .
The best results in terms of single crystals were achieved alternatively by a 1 : 1 molar mixture of the oxide coating scraped off from either a Sr ingot (Aldrich, ingot, 99 %) or a Ba rod (Aldrich, rod, ≥ 99 %) with the respective Sr or Ba halide. The intimately ground starting materials were arcwelded into a clean Ta container. The metal container was sealed into an evacuated silica tube. The tube was placed upright in a box furnace and heated to 1200 K within 12 h. After 3 d the furnace was switched off and allowed to cool to r. t. This method yielded colorless to red plates and nee- formed on a Bruker X8 Apex II diffractometer equipped with a 4 K CCD detector and graphite-monochromatized MoK α radiation (λ = 71.073 pm). The orientation matrix and the respective lattice parameters were obtained by using APEX2 [20] . The program SAINT [21] was used to integrate the data. An empirical absorption correction was applied using SADABS [22] . The initial input file for solving the crystal structures was prepared by XPREP [23] . The atomic coordinates of Ca 4 OCl 6 [4] or Sr 2 OI 2 [3] , respectively, were used as starting models which were refined by full-matrix least-squares techniques with SHELXL-97 [24] . The refinements converged and resulted in stable models for the crystal structures of Ba 4 OBr 6 and Ba 2 OI 2 . For Ca 4 OCl 6 , a twin option had to be introduced since the crystal was found to be an inversion twin with a twin ratio of approximately 3 : 1. Sr 4 OBr 6 had the other absolute structure as indicated by the Flack parameter x [25] and was inverted. After refining the inverted structure, the final Flack parameter x of 0.04(4) indicated the correct absolute structure a The anisotropic displacement factor takes the form:
model. Additional crystallographic details are summarized in Table 2 .
Atomic coordinates and equivalent isotropic displacement coefficients are shown in Table 3 , and 
Results and Discussion
Crystal structures
Metal oxyhalides of the M 4 OX 6 type have been well-known for a long time whereas M 2 OI 2 compounds were only recently identified. The title compounds are isopointal to K 6 ZnO 4 [26] and to K 2 ZnO 2 [2] , respectively. While the structure types have been described in great detail [4 -19] , we focus here on the description as a close-packed arrangement of the metal atoms. In the M 4 OX 6 structures, the M atoms form a hexagonal close packing in which half of the halide atoms occupy three quarters of the octahedral voids while the remaining halogen and the oxygen atoms are located in 50 % of the tetrahedral voids. This can be expressed in short as M 4 ( X 3 ) o ( X 3 3 O) t . Therefore, the [M 4 O] 6+ tetrahedra are strictly separated from each other and held together by the halide anions.
The M 2 OI 2 type can be regarded as a stuffed variation of the SiS 2 structure which itself is derived from the CaF 2 structure [27] . The metal atoms are in a cubic close packed arrangement in which one quarter of the tetrahedral voids is occupied by oxygen atoms to form 1D chains of trans-edge sharing, oxygen centered tetrahedra which can be expressed as 1
4+ . This can be described as M 2 ( 3 O) t (I 2 ) o , since the iodine atoms occupy the octahedral voids and hold together the chains of cationic tetrahedra. Table 5 gives an overview of compounds containing [M 4 O] tetrahedra as a prominent structural motif including the title compounds, isotypic compounds and the suboxide NaBa 2 O [28] . In the case of the M 4 OX 6 -type compounds, the M-O-M angles in the isolated [M 4 O] tetrahedra are close to the ideal tetrahedral angle of 109.5
• , deviating maximally by ±2
• , but for the M 2 OI 2 compounds and for NaBa 2 O as well, the deviation ranges from 6 to 12 • . This 'squashing' of the tetrahedra is a consequence of the trans-edge sharing connectivity pattern.
All distances are approximately in the expected range set by the sums of the pertinent ionic radii [29] , but the M-O distances are shorter than expected by this concept (Table 5) .
Conclusion
The compounds previously described as 'Sr 9 O 5 I 8 ' and 'Ba 9 O 5 I 8 ' were found to be Sr 2 OI 2 [3] and Ba 2 OI 2 , respectively, as expected after the indexing and refinement of the reported X-ray powder diffractograms (Table 1) . Neither 'Sr 2 OBr 2 ' nor 'Ba 2 OBr 2 ' could be obtained, of which we had expected to find at least the latter one (Table 1) . Instead, Sr 4 OBr 6 and Ba 4 OBr 6 were isolated. These compounds were structurally characterized for the first time and are members of the AE 4 OX 6 family (AE = Ca, Sr, Ba; X = Cl, Br, I). This family is complete except for Ca 4 OX 6 (X = Br or I). The only Ca-containing compound we were able to synthesize was the well-known Ca 4 OCl 6 which was the only compound other than the starting materials to be formed in the Ca-O-X (X = Cl, Br or I) system.
